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CompansonoftotalnumberofdistortioncalculationsaM＝０．５ Fig.１２  
fOrBaboon． 
42.9％ｃｏｍｐａｒｅｄｔｏｔｈｅＡＮＧｍｅｔｈｏｄＴｈｅｔｗｏｃｕｒｖｅｓｏｆｔｈｅ 
ＡＮＧＨＰｍｅｔｈｏｄａｎｄｔｈｅＣＡＲＤHPmethodarenearlycoiL 
cidentltcanbeseenthatasthecodebooksizeincreases， 
theefficiencyoftheANGHPbecomesbetterthantheANG 
methodThisisanimportantmeritoftheANGHPmethod， 
becausedesignofalargercodebooksizerequiresmorein-
tensivecomputation 
Figuresl2andl3presentthetotalnumberofdistor‐ 
tioncalculations,whichisadominantfigureofthecompu-
tationalcomplexity,fOrBaboonimagewithdifferentcodｅ－ 
ｂｏｏｋｓｉｚｅｓａｔ１＝Ｏ５ａｎｄ８，respectively・Comparedto
theDAmethod,theANGmethodreduｃｅｓｔｈｅＤｓｂｙ２､9％ 
ｔｏ20.1％・Thetotalnumberofdistortioncalculationsof
theANGmethodisalmostｔｈｅｓａｍｅａｓｔｈａｔｏｆｔｈｅＣＡＲＤ 
ｍｅｔｈｏｄ・ＴｈｅＤｓｃｕｒｖｅｏｆｔｈｅＡＮＧＨＰｍｅｔｈｏｄｉｓａｌｓｏａｌｍｏｓｔ
ｔｈｅｓａｍｅａｓｔｈａｔｏｆｔｈｅＣＡＲＤＨＰｍethodComparedtothe 
ANGmethodaM＝０．５and8withdifferentcodebooksizes， 
References 
[1］Ａ・ＧｅｒｓｈｏａｎｄＲＭ.Ｇray,Vectorquantizationandsignalcompres‐
sion,K1uwerBoston,1991. 
[2］YLinde,Ａ､Buzo,ａｎｄＲ.Ｍ・Gray,`§Analgorithmfbrvectorquan‐
tizerdesign；，IEEETTans・ＣＯ､Ⅱ､u､.,voLCOM-28,ｎｏ､1,pp84-95，
Ｊａｎ1980． 
[3］Ｔ・Berger,“MinimumentropyquantizersandpermutationcodesJ，
ＩＥＥＥＴｍｎｓ・Inf､Theory,voLITL28,ｎｏ､2,ｐｐ､149-157,1982.
SWILEMetaL:AFASTCODEBOOKDESIGNALGORITHMFOＲＥＣＶＱ 
739 
AhmedSwilemreceivedBS，Ｍ､S・de-
greeincomputersciencefromMiniaUniversity 
(Egypt),inl992andl998,respectivelyDur‐ 
ingl998-200Lhewasanassistantlecturein 
ComputerScienceDepartment，MmiaUniver-
sity・HeisnowadoctoralstudentinGraduate
SchoolofNaturalScience＆Tbchnology,Kana-
zawaUniversity・Hisresearchinterestsinclude
vectorquantization，datacompressionandim-
ageprocessmg． 
［4］NFarvardinandJ・Modestino,“OptimumquantizerperfOrmance
fOraclassofnongaussianmemorylesssources,,，mEETrans・Inf
Theory,voLITL30,ｎｏ３，ｐｐ､485-497,1984． 
［5］ＰＬＡ・Chou,Ｔ・Lookabough,ａｎｄＲ.Ｍ・Gray,“Entropy-constrained
vectorquantization,，，IEEETransAcoust・SpeechSignalProcess.，
vol37,,0.1,ｐｐ､31-42,Ｊａｎ1989． 
［6］Ｒ・PRaoandWAPearlman,`§Alphabet-constrainedvectorquanti-
zation,，,IEEETrans・InfTheory,voL39,ｎｏ､4,ｐｐ､1167-1179,1993．
［7］Ｄ・RdeGarrido,WAPearlman,andWAFinamore,`§Acluster‐
ingalgorithmfOrentropy-constrainedvectorquantizerdesignwith 
applicationsincodingimagepyramids,”IEEETrans・CircuitsSysL
VideoTbchnoL,vol5,ｎｏ､2,ｐｐ､83-95,Aprill995． 
［8］FKossentini,ＭＪ.TSmith,andCFBarnes,“Entropyconstrained 
residualvectorquantization,”Proc・正EEICASSRpp598-601，
Aprill993． 
［9］Ｍ・LightstoneandSK・Mitra，“Entropy-constrainedmean-gain-
shapevectorquantizationfOrimagecompression,，，ＰｒｏｃＳＰ正
Ｓｙｍｐ・VisualCommunlmageProcessing，Chicago，ＩＬ,vol2308,
pp389-400,Sept､1994． 
[10］Ｍ・DOrchard，‘lAfastnearest-neighborsearchalgorithm;，Proc、
ICASSP-911ntemationalConferenceonAcoust・ＳｐeechandSignal
Process.,vol､4,pp2297-2300,Aprill991． 
[11］CMHuang,ＱＢｉ,GSStiles,andZR.Ｗ・Harris,"FastfUllsearch
equivalentencodingalgorithmsfOrimagecompressionusingvector 
quantization,，，IEEETrans・ImageProcess.,ｖｏＬｌ,ｎｏ､3,pp413-416，
Ｊｕｌｙ1992． 
[12］Ｃ－ＨＬｅｅａｎｄＬ－Ｈ・Chen，“Fastclosestcodewordsearchalgo-
Iithmfbrvectorquantization,，，正ＥＰｒｏｃＶｉｓ､ImageSignalProcess.，
voL141,ｎｏ､3,ppl43-l48,Junel994． 
[13］ＪＺＣＬａｉａｎｄＣＣＬｕｅ,"FastsearchalgorithmsfOrVQcodebook 
generation,，，Ｊ､ＶｉｓＣｏｍｍｕｎ・hnageRepresent.,voL7,ｎｏ２，ｐｐ､l63-
168Junel996. 
[14］Ｍ,Ｈ・JohnSon,RLadner,ａｎｄＥＡ・Riskin,“Fastnearestneighbor
searchfOrECVQandothermodifieddistortionmeasures,”Proc， 
ICIP-96,vol､3,pp423-426,Sept､1996． 
[15］Ｊ・Cardinal,"FastsearchfOrentropy-constrainedVQ,，，Proc､ICIAP-
９９thelOthIntemationalConferenceonlmageAnalysisandPro‐ 
cess.,pplO38-1042,Sept・’999．
[16］Ｋ・-s・WUandl-CLin,"FastVQencodingbyanefTicientkick-out
condition；，IEEETrans・CircuitsSyst・VideoTbchnoL,voL10,ｎｏ.'，
pp59-62,Feb､2000． 
[17］Ｍ､Ｈ､Johnson,RLadner､ａｎｄＥＡ・Riskin,“Fastnearestneighbor
searchofentropy-constrainedvectorquantization,''1EEETYanslm‐ 
ａｇｅProcess.,voL9,ｎｏ､8,ｐｐ・'435-1437,Ａｕ9.2000．
[18］ＡＳｗｉｌｅｍ,Ｋ・Imamura,andHHashimoto,`§Afastsearchalgo‐
rithmfOrvectorquantizationusinghyperplanedecisionrule,，，Ｊ・In-
stituteofImageInfOrmationandTblevisionEngineers,voL56,ｎｏ､９， 
ｐｐｌ５１３－１５１７,Sept､2002． 
[19］Ａ・Ｓｗｉｌｅｍ,Ｋ・Imamura,andHHashimoto,`lAfastsearchalgo‐
rithmfOrECVQbasedonhyperplanepartitioningrule,"ProclEEE 
INES20037thInternationalConferenceonlntelligentEngineering 
Systems,voL2,pp704-709,Ｍarch2003． 
[20］CDFeustelandL､GShapiro,"Thenearestneighborprobleminan 
abstractmetncspace,，，PatternRecognit､Lett.，ｖｏＬ１，ｐｐ､125-128, 
Dec1982． 
[21］EVidal,`lAnalgorithmfbrfindingnearestneighborin（approx-
imately）constantaveragetime,”PattemRecognit・Letし，voL4，
ppl45-157,Julyl986． 
[22］ICardinal,“Fastsearchtechniquesfbrproductcodevectorquan-
tizers,，，Proc・ECMCS-99the2ndEURASIPConferenceonDSPfbr
MultimediaConmnun・ａｎｄServices,Ｊｕｎｅ1999．
[23］ＬＧｕａｎａｎｄＭ・Kamel，“Equal-averagehyperplanepartitioning
methodfOrvectorquantizationofimagedata,，，PattemRecognit・
Lett.,voL13,ｎｏ､10,ｐｐ､693-699,0ct､1992. 
Ｋ⑪usmkelmamurareceivedtheB.Ｓ､,ＭＳ、
andDrbEng・degreesinElectricalEngineer＝
ingandComputerScienceinl995，l997and 
200qrespectively,allfiomNagasakiUniver-
sity・HehasbeenaresearchassistantoflL
fOrmationandSystemsEngineering,Kanazawa 
University・Hisresearchinterestsarehigheffi-
ciencyimagecodingandimageprocessing． iillllllllLIIi 
HideoHashimotoreceivedtheBS.,MS 
andDr6EngdegreesinElectronicEngineering 
inl968，l970andl975，respectively,allfrom 
OsakaUniversity,HejoinedElectlicalComnu‐ 
nicationLaboratoriesofNipponTblegraphand 
TblephoneCorporation(NTT)ｉｎ1975．Since 
l993，ｈｅｈａｓｂｅｅｎａｐｒｏｆｅｓｓｏｒｏｆｌｎfOrmation 
andSystemEngineering,KanazawaUniversity 
Hisresearchinterestsarevideocoding,moving 
ohjectsegmentationandvisualcommunication 
